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(57)Abstract: 

PURPOSE: To provide an aluminum alloy manufactured by a spray deposition method and having 
excellent mechanical strength (particularly, in tensile strength and toughness at a high temp.) 
because of the refining of crystallized grains. 

CONSTfTUTION: The objective aluminum alloy manufactured by a spray deposition method and 
having fine crystallized grains has a compsn constitute of, by weight, 3 to 35% Si. 0.2 to 5% Cu, 0.2 to 
5% Mg and 0.0001 to 2% of at least one kind among Na, Sr, Ca, Sb and P and the balance 
substantially Al with inevitable impurities. Moreover, at least one kind among Zr, Fe, Mn, Or, Ni, Co, 
W, Mo, V, Ce and Y and/or at least one kind of B and Ti may be incorporated therein. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiners decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 



http://www1 9.ipdl.ncipi.gojp/PA1/result/detail/main/wAAAhRaqLxDA4051 79383P1 .htm 2004/1 2/1 6 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.9McaMe shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



. DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] About the aluminium alloy which has the detailed crystallization particle 
manufactured by the spraying depositing method, since especially the crystallization particle is made 
detailed, this invention relates to the aluminium alloy which has high intensity quantity toughness. 
[0002] 

[Description of the Prior Art] From the former, the aluminium alloy is manufactured by casting, the 
forging method, powder-metallurgy processing, etc. Among these, casting is an approach of 
manufacturing an aluminium alloy member, by pouring into the mold of a desired configuration the 
molten metal of the aluminium alloy ingoted by the predetermined presentation. Moreover, the forging 
method manufactures an aluminium alloy member by training the cast aluminium alloy mechanically. 
By these approaches, since each is made to solidify the molten metal of an aluminium alloy within 
mold, there is a problem that a coagulation rate is slow and a fine crystal organization cannot be 
obtained, and there is also a problem that it is difficult to raise a mechanical strength by control of 
the addition of the upper alloy content. 

[0003] Powder-metallurgy processing developed as what solves the trouble of such casting (the 
forging method) carries out the spray of the molten metal of an aluminium alloy which has a 
predetermined presentation from a nozzle with inert gas, forms detailed powder, and obtains the mold 
goods of an aluminium alloy by carrying out hot working of the powder to a predetermined 
configuration. Since this powder-metallurgy processing can manufacture the aluminium alloy which 
has a fine crystal organization, it is used for manufacture of the aluminum product of the various 
presentations which cannot be manufactured by casting or the forging method. 
[0004] However, since it is fabricating in powder-metallurgy processing to the aluminium alloy 
member by reheating and carrying out hot working of it once forming the powder of an aluminium 
alloy, there is a problem that a manufacturing cost is high. 

[0005] Under such a situation, manufacturing an aluminium alloy by the so-called spraying depositing 
method was proposed. By this spraying depositing method, the molten metal of the atomized 
aluminium alloy became a particle, accumulated and has obtained the aluminium alloy product by 
carrying out hot working of the acquired deposition object. Such a spraying depositing method is 
indicated by JP.60-36631,A, JP,2-258935,A, JP,3-2345,A, etc. 

[0006] By the spraying depositing method, since the particle of the formed aluminium alloy is 
deposited before solidifying, and it serves as an one deposition object, there is an advantage that a 
manufacturing cost decreases. However, since the cooling rate is slow, there is a problem that a 
crystallization particle makes it big and rough. Therefore, the actual condition is that it is difficult to 
obtain the aluminium alloy which has a detailed crystallization particle by the spraying depositing 
method. 

[0007] Therefore, the purpose of this invention is offering the aluminium alloy which has the 
mechanical strength (especially hot tensile strength and toughness) which was excellent since it 
manufactured by the spraying depositing method and the crystallization particle's had made it 
detailed. 
[0008] 

[Means for Solving the Problem] An example is taken by the above-mentioned purpose. 
Wholeheartedly as a result of research this invention person By adding at least one sort of Na, Sr, 
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calcium, Sb, and P as an element which has a detailed-ized operation of a crystallization particle in 
the aluminium alloy which uses Si, Cu, and Mg as an indispensable component It discovers that the 
eutectic Si crystallized to an in-house and a primary phase Si can be made to be able to make it 
detailed, it can have them, and a mechanical strength (especially tensile strength and toughness) can 
be improved. Furthermore, by adding combining suitably at least one sort of Zr, Fe, Mn, Cr, nickel, Co, 
W, Mo, V, Ce, and Y, and at least one sort of B and Ti It discovered that heat-resistant improvement 
and much more detailed-ization of the crystalline structure were obtained, and the improvement of a 
mechanical strength was obtained further as a result, and hit on an idea to this invention. 
[0009] That is, it was manufactured by the spraying depositing method and the aluminium alloy which 
has the detailed crystallization particle of this invention is Si:3 -35 % of the weight and Cu:0.2 -5. It is 
characterized by having Na, Sr, calcium, Sb and weight %, Mg:0.2-5 % of the weight, and : [ at least 
one sort of ] 0.0001 - 2% of the weight of P, and the presentation that becomes a remainder real 
target from aluminum and an unescapable impurity. 

[0010] The aluminium alloy which has the detailed crystallization particle of this invention may 
contain Zr, Fe, Mn, Cr, nickel, Co, W, Mo, V, Ce and : [ at least one sort of ] 0.5 - 13% of the weight of 
Y, and : [ at least one sort of ] 0.05 - 1% of the weight of B and Ti further. 
[0011] 

[Function] This invention is explained to a detail below. 

[1] The presentation of an aluminium alloy [0012] (a) Si:three to 35% of the weight, although Si is a 
coefficient of thermal expansion and an element effective in improvement in a mechanical strength, if 
it is less than 3 % of the weight, those effectiveness cannot fully be demonstrated. On the other 
hand, if the content of Si exceeds 35 % of the weight, elongation will fall. The content of desirable Si 
is 5 - 1 2 % of the weight. 

[0013] (b) Although Cu:0.2-5 % of the weight Cu is an element which has the operation which 
improves tensile strength, if it is less than 0.2 % of the weight, the effectiveness cannot fully be 
demonstrated. On the other hand, if the content of Cu exceeds 5 % of the weight, elongation and 
Charpy impact strength will come to fall. The desirable content of Cu is 1 - 3 % of the weight. 
[0014] (c) Although Mg:0.2 - 5-% of the weight Mg is an element which has the operation which 
improves tensile strength, if it is less than 0.2 % of the weight, it cannot fully demonstrate the 
effectiveness. On the other hand, if the content of Mg exceeds 5 % of the weight, elongation and 
Charpy impact strength will fall and, as a result, fracture toughness will fall. The content of desirable 
Mg is 1.5 - 3 % of the weight. 

[0015] (d) The first alloying element : the 0.0001 - 2-% of the weight first alloying element is at least 
one sort of Na, Sr, calcium, Sb, and P. Although these first alloying element has the operation which 
makes a crystallization particle detailed, if it is less than 0.0001 % of the weight the effectiveness will 
not fully be acquired. On the other hand, if it exceeds 2 % of the weight, elongation and Charpy impact 
strength will fall and, as a result, fracture toughness will fall. The content of the first desirable alloying 
element is 0.001 - 0.05 % of the weight. 

[0016] (e) Heat-resistant improvement element : the aluminium alloy of this invention contains at 
least one sort of Zr, Fe, Mn, Cr, nickel, Co, W, Mo. V, Ce, and Y as a heat-resistant improvement 
element 0.5 to 13% of the weight. Although these elements have the operation which improves the 
mechanical strength under an elevated temperature (about 200 degrees C or more), if it is less than 
0,5 % of the weight, the effectiveness cannot fully be demonstrated. On the other hand, when it 
exceeds 13 % of the weight, the ductile fall of a base material will be caused. The content of a 
desirable heat-resistant improvement element is 3 - 7 % of the weight. 

[0017] (f) Although B, Ti:0.05 - 1 % of the weight B, and/or Ti also have the operation as a grain- 
refining element, if it is less than 0.05 % of the weight, the effectiveness cannot fully be demonstrated 
and improvement in Charpy impact strength will not be obtained. On the other hand, if it exceeds 1 % 
of the weight, an aluminium alloy will stiffen and Charpy impact strength will also fall. The content of 
desirable B and/or Ti is 0.1 - 0.4 % of the weight. 

[0018] (g) aluminum and an unescapable impurity : there are S, C, Pb, Be, etc. as a remainder 
unescapable impurity. The content of these unescapable impurities needs to be the purpose which 
prevents the fall of the mechanical strength of an aluminium alloy, and needs to be 0.03 or less % of 
the weight in total. 

[0019] [2] Use the equipment which has the tundish for dissolving an aluminium alloy, the nozzle for 
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jet of the inert gas formed directly under the nozzle of a tundish, and the uptake deposition manual 
stage of an aluminium alloy particle in which said nozzle for jet was prepared caudad about 5-30cm in 
the spraying depositing method for manufacturing the aluminium alloy which has the detailed 
crystallization particle of spraying depositing method this invention. The inside of this equipment is 
set in an inert gas ambient atmosphere, and prevents oxidation of an aluminium alloy. 
[0020] In order to enforce the spraying depositing method with such equipment, while emitting from a 
nozzle the aluminium alloy which dissolved at 600-1000 degrees C within the tundish first, inert gas is 
spouted from the nozzle [ directly under ] for jet at high speed. As inert gas, nitrogen gas, argon gas. 
gaseous helium, etc. are used. The molten metal made detailed by the inert gas of this high speed 
serves as an aluminium alloy particle, and is deposited on a downward uptake means about 5-30cm. 
The aluminium alloy particle obtained usually has the mean particle diameter of about 3 micrometers 
or less. 

[0021] The deposited aluminium alloy particle is still in the temperature of about 500-700 degrees C, 
and is not solidified completely. Therefore, the aluminium alloy particle deposited continuously fixes 
and serves as an aluminium alloy deposition object In this deposition body, an aluminium alloy particle 
is usually cooled at the rate of 1 ~ 103 ** / second Thus, by the spraying depositing method, since 
the cooling rate is larger than casting, the crystallization particle of detailed Si and detailed crystal 
grain are obtained. On the other hand, even if a cooling rate is slower than powder-metallurgy 
processing, if an inoculation element is contained in Zr, B and/or Ti, and a pan, it not only has 
sufficient mechanical strength, but it can attain detailed-ization of crystal grain. That is. formation of 
the big and rough particle of a needlelike Fe system sludge or Si can be prevented. In the aluminium 
alloy of this invention which has such a fine crystal organization, there is almost no sludge of the 
particle size exceeding 3 micrometers. 

[0022] Thus, the acquired aluminium alloy deposition object carries out periphery processing if 
needed, and makes it preforming of a predetermined configuration. Subsequently, hot working is 
performed to this preforming. There are hot extrusion, swaging processing, etc. as hot working. In the 
case of hot extrusion, it carries out using the extruder which has the die of a predetermined opening 
configuration by extruding an aluminium alloy deposition object with the extrusion ratio (surface ratio 
expressing) of 7-25 in 400-500 degrees C. Moreover, in swaging processing, in 400-500 degrees C, it 
carries out with 50 - 80% of number of diameters in upset (a height ratio expresses) in a die. 
[0023] To the aluminium alloy which carried out hot working, it usually heat-treats. There are T6 
processing and T7 processing as heat treatment. T6 processing consists of carrying out solution 
treatment of the aluminium alloy at 430-540 degrees C for 1 to 50 hours, and subsequently 
performing aging treatment at 90-1 70 degrees C for 24 hours or more. Moreover, T7 processing adds 
150-190-degree C aging treatment (5 - 20 hours) to T6 processing. 
[0024] The following concrete examples explain this invention to a detail further. 
[0025] The molten metal (temperature of +200 degrees C of liquidus lines in each presentation) of 
the aluminium alloy of the presentation shown in one to examples 1-7 and example of comparison 3 
table 1 was atomized with the nitrogen gas (5kg/cm2 of gas pressure) spouted from a nozzle with a 
diameter of 3.0mm. and it considered as aluminium alloy powder with a mean particle diameter of 40 
micrometers, and was made to deposit on the uptake means in the spray distance of 150mm. Thus, 
periphery processing was performed to the acquired aluminium alloy deposition object, and preforming 
with a diameter [ of 80mm ] and a die length of 70mm was obtained. 

[0026] This preforming was heated for 40 minutes at 450 degrees C. and hot extrusion was 
performed with the extrusion ratio 20. Subsequently, aging treatment of 24 hours was carried out by 
470 degrees C as T6 processing at the solution treatment of 1.5 hours, hardening by underwater 
administration, and 130 degrees C. About each heat-treated aluminium alloy, an antifriction trial, 
measurement of a coefficient of thermal expansion, the tension test in a room temperature, the 
impact test (Charpy test), and the tension test in 200 degrees C were performed. A result is shown in 
Table 2. Moreover, the microphotography (1000 times) of the aluminium alloy of an example 3 and the 
example 2 of a comparison is shown in drawing 1 and 2, respectively. 
[0027] 

table 1 [ ] a chemical entity (% of the weight) 

Example No. Si Cu Mg Sr Cr Fe Na Example 1 7 3.0 1.5 0.016 2 7 3.0 1.5 0.001 The 

example 1 of a comparison 73.0 1.5 2 17 3.0 1.5 - 2.0 2.0 - Example 317 3.0 1.5- 2.02.0 - 4 17 
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3.0 1.5 -2.0 2.0 - 5 25 3.0 1.5 -2.0 — 6 25 3.0 1.5 - 2.0 - - 7 25 3.0 1.5 - 2.0 - - Example 3 of a 
comparison 25 3,0 1.5 - 2.0- -[0028] 
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table 2 [] The mechanical strength in a room temperature Example No. sigmaB (1) sigmaO.2 (2) 
Elongation (3) Charpy (4) Example 1 32 29 8.0 2.0 2 32.5 29 8.5 2.5 The example of a comparison 1 31 
28 6.2 1.22 42 36 0.5 0.4 Example 344 382.1 0.9 4 43 35 2.5 1.2 5 44 401.0 0.6 6 44 41 1.2 0.9 7 42 
402.0 Example of 1.3 comparisons 3 43 400.3 0.3 [0030] (Note) : (1) Tensile strength (kgf/mm2). 

(2) 0.2% proof stress (kgf/mm2). 

(3) Elongation (%). 

(4) Charpy impact value (kgfm/cm 2). 

[0031] Also in any of tensile strength, proof stress, elongation, and impact strength, it turns out that 
the aluminium alloy of this invention is better than the aluminium alloy of the example of a 
comparison so that clearly from Table 2. Moreover, in the aluminium alloy of this invention, it turns 
out that the mechanical strength is improving as a heat-resistant improvement element and an 
inoculation element are added. 

[0032] Moreover, it turns out that the aluminium alloy of the example 2 of a comparison which does 
not contain P from observation of drawing 1 and the microphotography of 2 to the aluminium alloy of 
the example 3 containing P having the average Si particle size of 2.0 micrometers has the average Si 
particle size of 3.4 micrometers. Thus, detailed-ization of a crystallization particle is obtained by 
adding the first alloying element (at least one sort of Na, Sr. calcium. Sb. and P). 
[0033] 

[Effect of the Invention] Si, Cu, and Mg to the aluminium alloy used as an indispensable component 
as explained in full detail above at least one sort of Na. Sr, calcium, Sb, and P — adding — further — 
the need — responding — a heat-resistant improvement element (Zr — ) By adding combining B 
and/or Ti in at least one sort of Fe. Mn. Cr, nickel. Co, W, Mo, V. Ce, and Y, and a list, a 
crystallization particle makes it detailed and, as a result, improvement in a mechanical strength is 
obtained. The aluminium alloy of such this invention can be used for various kinds of machine parts 
including autoparts as which lightweight-izing and a high mechanical strength are required, such as a 
connecting rod and a bulb, building materials, structure material, etc. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It sets to the aluminium alloy which has the detailed crystallization particle manufactured by 
the spraying depositing method, and is Si:3 -35 % of the weight and Cu;0.2 -5. Aluminium alloy 
characterized by having Na. Sr, calcium, Sb and weight %, Mg:0.2-5 % of the weight, and : [ at least 
one sort of] 0.0001 - 2% of the weight of P, and the presentation that becomes a remainder real 
target from aluminum and an unescapable impurity. 

[Claim 2] The aluminium alloy characterized by containing Zr, Fe, Mn, Cr, nickel, Co, W, Mo, V, Ce, 
and : [ at least one sort of ] 0.5 - 13% of the weight of Y further in the aluminium alloy which has a 
detailed crystallization particle according to claim 1. 

[Claim 3] The aluminium alloy characterized by containing B and : [ at least one sort of ] 0.05 - 1% of 
the weight of Ti further in the aluminium alloy which has a detailed crystallization particle according 
to claim 1 or 2. 



[Translation done.] 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
S.In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is a microphotography (1000 times) showing the metal texture of the aluminium alloy of 
an example 3. 

[Drawing 2] It is a microphotography (1000 times) showing the metal texture of the aluminium alloy of 
the example 2 of a comparison. 



[Translation done.] 
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♦ NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by connputer. So the translation may not reflect the original 
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. DRAWINGS 



[Drawing 1] 




[Drawing 2] 




[Translation done.] 
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f^rtTfi. r/u^-^i.^^^feT-fiii^i-1 03 

[0 0 2 2] rcoj: ^(wLX»6ixfcr/i-^^i^A'g^^ 
0-5 0 0t:{^iBi^T> 7-2 5oJfttilt (M?Stt:{;iJ: 

>5^^*TM 0 0-5 0 0*C(wioV^r. 5 0 — 8 0 

[0 0 2 3] m^mijui:i.fzr/u^=^^J^^^{z{^m^^. 
mm^m-r, ^Mmti^xi-x. t e mmRrjr 7 ^td^m:^'- 
h^o T6^ma. T/u^-e7i^'&^^4 3 0— 5 4 0 
x:xi--5ommmmt^mi.. ^5>:l^T•9 0-1 7 ot: 

7«isfi. T6«!fSici 5 0 — 1 9 ot:r*<o^3a^s 

(5-2 0^Ffl) ^iiJ!lPUfct<OT-*>So 



5 



(4) 
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6 



[00 24] ^mM^^T(DMri^^mmm\::X !9 S ibJ- 

[0 0 2 5] ^^^ijl-?. ltg^Ml-3 



5fei:L. 1 5 Omm(D;:^>^U— ffiSiJ;! 



M3. OminCO/ 

k g c ) 



mmx 7 Om 



10 



[0 0 2 6] Z(r>y])Z7:t-J^^4 5 0X:iZ4 0^mm 

. ^iu^2 0 ot:(wioft^§i^^ 

[0 0 2 7] 



[0 0 2 8] 



Ki 



1 

2 

JttfeW 
1 
2 

3 
4 

5 

6 

7 

3 

[0 0 2 9] 



MNo. 



It 



LO - 
LO 

LO - 

- 0.5 

as 

- 0-5 
0.5 



Cu 



im%) 



Cr 



«1 OK^) 

P Tl B 



0-003 
0.001 

0.001 

0-001 0-05 
0.001 0.05 



40 



Fe 



Na 



1 


7 


3.0 


1 


.5 


0.016 








2 


7 


3.0 


1 


.5 








0.001 


mm 


















1 


7 


3.0 


1 


.5 










2 


17 


3.0 


1 


.5 




2.0 


2.0 






















3 


17 


3.0 


1 


.5 




2.0 


2.0 




4 


17 


3.0 


1 


.5 




2.0 


2.0 




5 


25 


3.0 


1 


.5 




2.0 






6 


25 


3.0 


1 


.5 




2.0 






7 


25 


3.0 


1, 


.5 




2.0 






3 


25 


3.0 


1, 


.5 




2.0 







gB 0) 



0.01 



m2 



BEST AVAILABLE: 



(5) 



1 32 29 

2 32.5 29 

mm 

1 31 28 

2 42 36 

3 44 38 

4 43 35 

5 44 40 

6 44 41 

7 42 40 

3 43 40 



[0 0 3 0] im : (1) (kgf/inm2 ) o 

(2) 0, 2%»;'3 (kgf/mm2 ) « 

(3) (%) c 

(4) v^^/Ut'-^^ia (kgfm/cm ^ ) , 

[0 0 3 11 ^2;^^P>^f5*^/^J:5t-. ^^^(OT/u^ 

[0 0 3 2] *fc. miiSLU2.(Dmmm'^M<Dm.^f)^ 

P^^^-r-5lllfii«3<DT/V'5:^?^A-g^^(12. 0 

^m<D^f^S in^^m-r^(D\:i1^\^X. P^^^l^fJ: 

(Na. Sr. Ca. S b :SLt/ P (7)/>/^ < ^ t> 1 «) ^ 30 



4#IIB¥5- 1 7 9 3 8 3 



8.0 2.0 

8.5 2.5 

6.2 1.2 
0.5 0.4 

2.1 0.9 
2.5 1.2 
1.0 0.6 

1.2 0.9 
2.0 1.3 

0.3 0.3 
[0 0 3 3] 

lm^M(r)^^^] i[^±f^aiL/ciil9> Si. Cu. 
iJ^mJ^^t-r^T/V^^^^i^J^^^iZ^ Na. Sr. C 
a. SbRXJ^P(D<i^fj:< ti,im%:^^n\^. 
(Cjj: DTilS^fRi4l63±7U9fl (Zr. Fe. Mn. Cr. N 

i . C o. W. Mo. V. C eS.l5Y^O^/^< t i> 1 

m) . ^m^BRxj^/xit.T i ^m^^i^'^xmm'ri> 

p"p. mt^. mmum:i^m'r^:it7it*-x*^^o 
mwim^M (looofg) xh^o 

mum^M { 1 0 0 ofg) xh^o 



mi] 



m2] 



(6) 
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